,ug/g), deoxynivalenol (10 to 34 pg/g), 15 -acetyldeoxynivalenol (5 to 10 pg/g), diacetoxyscirpenol (22 to 63 ,ug/g), monoacetoxyscirpenol (21 to 26 ,ug/g), scirpenetriol (24 , g/g), T-2 toxin (4 to 425 ,ug/g), HT-2 toxin (2 to 284 ,Ig/g), neosolaniol (2 to 250 ,ug/g), and T-2 tetraol (4 to 12 ,g/g). F. equiseti was the predominant species found on visibly molded beets in the field. Six of 25 moldy sugar beet root samples collected in the field contained zearalenone in concentrations ranging between 12 and 391 ng/g, whereas 10 samples from commercial stockpiles were negative for zearalenone. Zearalenone was detected in 31 of 75 sugar beet fiber samples (13 to 4,650 ng/g). Three of 31 samples contained cis-zearalenone (1 to 8 ng/g), and two contained trace amounts oftrans-a-and trans-1-zearalenol. This is the first report of zearalenone in sugar beet roots and fiber.
Species of the genus Fusarium occur widely in nature as saprophytes and plant parasites; they are found in a great variety of plants and agricultural products. In addition to the losses caused by infection of plants by Fusarium before or during harvest, some species are capable of producing mycotoxins in affected products. Many surveys revealed the presence of trans-zearalenone (ZEA) and several trichothecene toxins (deoxynivalenol [DON] , acetyldeoxynivalenol [ADON] , nivalenol [NIV] , diacetoxyscirpenol, and T-2 toxin) as the most abundant natural contaminants of foodstuff and animal feed, especially in diets containing cereals and other grains (3, 6, 43, 44) . Ingestion of food and feed contaminated with Fusarium toxins was suspected to be implicated in numerous diseases of man and animal (28) .
The wide range and frequent presence of Fusarium toxins found naturally occurring on cereals reveal an increasing need for research on the toxigenic potential of Fusarium spp. grown on plants other than cereals to assess the extent of mycotoxin hazard to man and animals.
In this respect, sugar beets (Beta vulgaris L.) are important because they are subject to attack by various soilborne fungi, including Fusarium spp. Species of Fusarium have been reported worldwide to be pathogens of beet seedlings (9, 26, 47) and mature plants (7, 21, 24, 26) that are implicated in diseases such as damping-off, root rot, and stalk blight. Moreover, beets are predisposed to storage rot by fungi as a result of mechanical damage during harvest and then storage for several months in unprotected, large, outdoor stockpiles (10, 49) . In Minnesota, Bugbee (10) The 75 fiber samples and 25 sugar beet samples from the field as well as the 10 samples from stockpiles were extracted and analyzed for the presence of cis-zearalenone, ZEA, and trans-at,,-ZOL as well as DON.
Extraction and purification of cis-zearalenone, ZEA, and trans-ot,1-ZOL were performed by using a slight modification of the method of Bennett et al. (8) . The fiber samples were ground to the consistency of flour in a laboratory mill. Fifty grams was moistened with water (10% [vol/wt]) and extracted with 400 ml of chloroform. The fiber samples and the beet tissue were cut in small pieces (2 by 2 cm), which were uniformly mixed and then divided into two equal portions. One portion of each sample was kept frozen (-15°C) until analysis for DON, while the other was extracted for analysis for ZEA by blending for 4 min with chloroform (four separate extractions). All samples were filtered, and an aliquot (10-g equivalent) of each extract was cleaned up by sequential base-acid partition. The solvent was evaporated to dryness, and the residue was dissolved indissolved in 2 ml of methanol before analysis by TLC, high-performance liquid chromatography (HPLC), and capillary gas chromatography-mass spectrometry.
Portions of the same samples were extracted and purified for DON by a slight modification of the method reported by Chang et al. (11) . Fifty grams of ground-fiber sample was weighed, and 10 g of basic copper carbonate was added and extracted with 400 ml of acetonitrile-water (84:16 [vol/vol]).
All extracts were filtered, and 10-ml portions of the filtrate were loaded onto an activated charcoal column (Myco Lab Co., Chesterfield, Mo.) and eluted with 10 ml of extracting solvent. Two charcoal columns were used for each fiber sample, and eluates were combined. The eluates were evaporated to dryness on a rotary evaporator. The residue was dissolved in 4 ml of methanol-acetone (1:1 [vol/vol]) and transferred to a 2-dram vial. The solution was evaporated to dryness under a gentle flow of nitrogen gas, with gentle heating. The residue was dissolved in 2 ml of methanol prior to analysis by TLC and HPLC.
Quantitation and confirmation of mycotoxins. Quantitation and additional confirmation of trichothecene toxins were performed by gas-liquid chromatography by comparison with standards. Calculations of toxin concentrations in cultures were based on external standards in concentrations of 50 ng/g and on dry weight. The gas chromatograph, model 5890 (Hewlett-Packard Co., Avondale, Pa.), was equipped with a flame ionization detector. Analysis was performed on a DB-5 fused silica capillary column (30 m by 0.25 mm) (J & W Scientific, Inc., Rancho Cordova, Calif.) by utilizing a splitless injection method. The temperature of the injector port and the detector was 280°C; the column temperature was programmed to increase from 80 to 230°C at 30°C/min and then from 230 to 280°C at 8°C/min. The carrier gas was He, with a flow rate of 2 m/min at the exit. The type A trichothecene toxins were quantified by derivatizing an aliquot of each extract with trifluoroacetic acid anhydride (Pierce Chemical Co., Rockford, Ill.), and the type B trichothecene toxins were quantified by derivatizing an aliquot of each extract with Tri-Sil-TBT (Pierce) as reported previously by Pawlosky et al. (35) .
The chemical identity of the toxins was confirmed by using TLC and by visually comparing them with standards and after resolution by capillary gas chromatography-mass spectrometry (using a Hewlett-Packard 5890 gas chromatograph interfaced with a VG 7070EQ mass spectrometer) and electron impact mass spectrometry. Selected-ion monitoring was used for detection of cis-zearalenone or ZEA in extracts of field samples by selecting ions at m/z 462 (M+), mlz 447 (or m/z 333), and m/z 305 and for detection of trans-a-and trans-1-ZOL by selecting mlz 536 (M+), mlz 447 (or mlz 333), and mlz 305. Analyses were conducted on a 10-m, narrowbore (inside diameter, 0.25 mm) DB5 fused silica capillary column inserted directly into the source of the mass spectrometer. The samples were introduced by splitless injection with a delay of 0.5 min. The flow rates were 60 ml/min at the inlet and 1.5 ml/min at the exit. The gas chromatography oven was programmed from 80 to 300°C at 25°C/min. The mass spectrometer was tuned with perfluorotributylamine with methane as the reagent gas. The source temperature was set at 150°C. The electron energy was set at 70 eV. C DAS, diacetoxyscirpenol; MAS, monoacetoxyscirpenol; NEO, neosolaniol; T-2-tet, T-2 tetraol; -, no detectable toxin. Results are means of two replications. The isolates were also analyzed for fusarochromanone and wortmannin as well as acetyl-T-2 toxin, T-2 triol, NIV, and FX and found to be negative. higher caused intestinal hemorrhages and death; concentrations of 1 mg/g and higher caused death in rats without accompanying symptoms, whereas levels lower than 0.75 mg/g did not show any toxic effect. Thus, the concentration of MON produced by the isolates in this study (45 to 400 ,g/g) could not account for the toxicity observed.
RESULTS
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DON and 15-ADON were produced by F. graminearum and F. sporotrichioides, respectively. F. sporotrichioides is well known as a type A trichothecene producer but uncommonly found as a type B producer (25) . In the present study, only one isolate of F. equiseti produced DON in a concentration of 10 p,g/g but no 15-ADON. No FX or NIV was found in the culture extracts. Although DON and 15-ADON proved to be toxic in higher concentrations (oral 50% lethal doses for mice, 78 and 34 mg/kg, respectively [14] ), the low concentrations found in our culture extracts were not sufficient to be lethal to rats but could account for feed refusal and reduced weight gains. Forsell et al. (15) reported that 2 ,ug of DON per g in feed was required to cause reduced weight gains in female mice, whereas feed refusal consistently occurred when 25 p,g of DON per g was added to the diet of the mice. A comparative study by Pestka et al. (36) with 15-ADON revealed that a dietary exposure of 5 p,g of 15-ADON per g caused reduced body weight gains after 16 days and marked feed refusal after 44 days in weanling female mice.
Because of the high toxigenic potential of Fusanium species isolated from stored sugar beets, it was thought that sugar beet root tissue invaded by some Fusarium species might already contain one or more toxins before or after harvest and that these toxins might pass the processing procedure. The mycotoxicological investigation for the natural occurrence of DON, cis-zearalenone ZEA, and transa3,-ZOL (diastereoisomeric mixture) in rotted sugar beet root tissue revealed the presence of ZEA in sugar beet samples collected before harvest. Six of 25 samples contained ZEA in concentrations ranging between 12 and 391 ng/g. The actual amounts were as follows: RSB6, 15 ppm; RSB10, 205 ppm; RSBII, 12 ppm; RSB15, 221 ppm; RSB20, 79 ppm; and RSB21, 391 ppm. The total-ion chromatogram and mass spectrum of the ZEA-trimethylsilyl derivative are shown in Fig. 1 . The sugar beet samples were collected in September 1988 from two fields randomly selected in northwestern Minnesota.
The most prevalent Fusarium toxin in sugar beet fibers was ZEA (Table 2) . It was detected in 31 of 75 samples in concentrations ranging from 13 to 4,650 ng/g. Three of the 31 fiber samples contained cis-zearalenone in concentrations of 1.2 (FIB 24), 8.3 (FIB 28) , and 14 (FIB 63) ng/g in addition to ZEA, whereas two samples (FIB 41, FIB 69) contained trans-a4,-ZOL in trace amounts. This is the first report of the presence of ZEA in sugar beets and sugar beet fibers. The natural occurrence of ZEA in these samples might be due to the high incidence of isolates of F. equiseti obtained from sugar beets before harvest and from stored sugar beets; F. equiseti is an important ZEA producer (22 Although wortmannin has also been reported as an important hemorrhagic toxin (2) produced by Fusarium spp., it was not detected in any of the culture extracts analyzed.
Likewise, fusarochromanone (34) was not detected in any of the cultures. Only F. equiseti has been described as a producer of fusarochromanone (23, 50 (20) and others (16, 20, 44) , who demonstrated that isolates of F. graminearum were chemotaxonomically subdivided into DON-ADON and NIV-FX producers with differences in their geographical distribution. While the DON- ADON chemotype was most frequently isolated from cereals from Canada, North America, Argentina, China, Poland, and Germany, the NIV-FX chemotype occurred in France, Japan, and Korea in higher abundance. However, Sugiura et al. (42) found isolates of Gibberella zeae that produced NIV and trace amounts of DON.
The presence of ZEA in samples of rotted tissue of sugar beets in the field before harvest as well as cis-zearalenone, ZEA, and trans-ot,1-ZOL in sugar beet fibers is important in that all possess estrogenic activity. The trans-ot-ZOL isomer has about three to four times more estrogenic activity than ZEA, whereas the trans-o-ZOL isomer has about the same activity as ZEA (18, 31) . Mirocha et al. (31) demonstrated that cis-zearalenone has a significantly higher estrogenic activity to rats in the feeding and skin application test. In contrast, Peters (37) reported that both isomers have about the same uterotrophic activity when administered orally to mice.
The findings of mycotoxins with estrogenic activity in moldy sugar beets and beet products might explain the infertility problems observed in cows when sugar beet pulp was fed to dairy cattle. This conclusion is supported by various reports of ZEA being associated with infertility in cattle. For (38) . Moreover, Schuh and Baumgartner (39) reported a case of unspecific infertility in dairy cows in Austria suspected of being caused by ZEA-contaminated feed in that ZEA was detected in concentrations of 100 ppb in grass silage and of 50 ppb in maize silage. In contrast, Weaver et al. (48) found that pure ZEA in concentrations up to 500 mg/day given orally to nonlactating cows did not affect the health of the animals.
The data of our study revealed that Fusanium species were able to produce toxins on sugar beets in the field and that isolates obtained from sugar beets produced potent toxins in culture in the laboratory. Moreover, ZEA was also found in sugar beet fiber, which suggests that it somehow survived commercial processing. The prevalence on sugar beets of Fusarium species from the sections Gibbosum and Sporotrichiella that are known for their capability to produce ZEA and type A trichothecene toxins suggests that suspect food and feed samples should be analyzed for ZEA as well as for T-2 toxin, HT-2 toxin, neosolaniol, and other type A trichothecenes.
